We analyze the quantum-mechanical rotational excitation/de-excitation spectrum and cross sec- 
I. INTRODUCTION
Matter emits electromagnetic radiation when it has a temperature above zero Kelvin. This is also called thermal radiation because it is generated by thermal motion of particles in the matter. Electromagnetic radiation can be absorbed by matter as well and matter that absorbs all radiation is called a blackbody. A blackbody has a uniform temperature and produces radiation characterized by the frequency distribution that depends on its temperature. Though a background radiation, referred to as excess noise, was noticed as early as 1941, it wasn't until 1965 that Arno Penzias and Robert Wilson [5] used highly sensitive equipment and careful observation, which led to the labeling of this radiation as cosmic microwave background (CMB) radiation: a nearly isotropic (even in all directions) thermal radiation in the Universe. It is know that when a molecule absorbs a photon it moves from a ground state to an excited energy state. Molecules in the space between Earth and distant stars produce absorption lines seen on Earth that correspond to the spectra of those stars. Most of these lines are viewed at the ground state of the molecules, however, researchers found that CN molecules observed in various parts in space all have faint absorption lines at the first excited energy state [4] . Questions arose as to what could excite the CN molecules in space? The temperature of radiation can be found from the amount of molecules excited by that radiation. Measurements of the spectrum of this radiation showed that it was almost identical to blackbody radiation with the temperature of about 3K [8] .
Since these measurements where observed for almost all CN molecules in different parts of the Universe, it showed that whatever was exciting the molecule was distributed fairly evenly throughout space. This radiation cannot be attributed to energy from stars or intergalactic gas, for example, since this radiation's spectrum does not look like the spectrum for stars or intergalactic gas or etc. And also, if the energy of this radiation across the Universe is to be summed up, it would be much too great to be radiation from stars or such. Therefore, researchers believe that whatever is exciting the CN molecules in space ,with a spectrum of a blackbody at 3K, is CMB.
As mentioned previously, CMB is isotropic, however, not perfectly so. It has an anisotropy of about 0.1 percent, which is due to a Doppler shift caused by the motion of the solar system through CMB. This anisotropy is very small, therefore, CMB is still regarded as almost perfectly uniform radiation in the Universe. One might wonder what caused CMB radiation to occur in the Universe at all? To answer this question, researchers have focused on the blackbody characteristic of the radiation, since this is an intrinsic characteristic.
Knowing the present temperature of the radiation being at about 3K, one can calculate the temperature at an earlier time, which turns out to be quite large. This large temperature greatly points to the existence of the the Big Bang: the rapid expansion of the once a dense and compact Universe. Another model that goes together with the Big Bang theory is the model of the expanding Universe. It is strongly shown experimentally and supported theoretically that the Universe is expanding. In the 1920's Edward Hubble found that spectra of distant galaxies are redshifted, which means the galaxies are traveling away from Earth.The model of the expanding Universe states that the cold Universe of today must have had very high temperature and much higher density when it first begun billions of years ago.
With temperatures greater than 10
8 K, the Universe was once a plasma at thermodynamical equilibrium and made of electrons, protons, and helium ions, that radiated and absorbed photons. As the Universe expanded, the temperature of the plasma and radiation decreased.
At temperatures of about 4000K, recombination of protons and electrons occurred and the plasma became a mixture of neutral hydrogen and helium atoms. The Universe became transparent to radiation, as it is now. As the Universe continued to expand, the temperature of the radiation declined but the blackbody character of the radiation remained as a "relic."
CMB radiation is presumed to be "relic" radiation from the early times of the Universe.
II. QUANTUM-MECHANICAL APPROACH A. Equations and Methods
A quantum mechanical method was used in deriving our results for rotational quantum transitions in collisions between the CN molecule and a proton H + , that is:
The interaction of H + + CN is treated as a rigid rotor model. We used close-coupling 
where P R is the relative momentum between a and bc, M R is the reduced mass of the atommolecule (rigid rotor in this model) system a + bc:
is the reduced mass of the target: µ = m b m c /(m b + m c ),r is the angle of orientation of the rotor ab, V ( r, R) is the PES for the three-atom system abc, and E is the total energy of the system.
To solve Eq.(2), the following 3-atom wave expansions are used [11] :
and
A set of coupled differential equations are achieved by solving the Schrdinger equation through the use of the free software MOLSCAT (ver.14, J. Hudson and S. Green (1994)):
The formulas used for analyzing the cross sections are related to the asymptotic behavior of the H + + CN wave function using U JM jL (R → ∞). The numerical results are fitted to the known asymptotic behavior of U JM jL (R) from [12] :
The kinetic energy is ǫ = E − B e j(j + 1), where B e is the rotation constant of the rigid rotor bc, i.e. the hydrogen molecule.
B. CN + H + Interaction Potential
The PES equations used were found from works [1] [2] [3] . Where U p is the polarization potential, U d is the proton-dipole potential, and U q is the proton-quadrupole potential. The values for the potential parameters for these equations were found and referenced in [2, 6, 7] .
Where r is the vector that joins the center of mass of the CN molecule to the H + , and θ is the angle between the r and the axis of the CN molecule. The potential surface is modeled in Fig. 1 .
III. RESULT AND DISCUSSION
We have taken test calculations to insure that the convergence of the results with respect to all parameters that enter in the propagation of the Schrödinger equation exists. The parameters include the atomic-molecular distance R, the total angular momentum J, the number of total rotational levels to be included in the close-coupling expansion and others.
Attention has been given to the total number of numerical steps in the propagation over , but not exact. In Fig. 4 and Fig. 5 , we compare different J values from our data.
From the graphs, we can see that the cross sections are close.
In summary, the subject of this work is the quantum-mechanical study of the stateresolved rotational relaxation and excitation cross sections in ultra-cold collisions between CN molecules and protons H + . We analyzed the excitation of the CN molecule. A model 3-body PES for H + -CN has been adopted from a previous work [1] and the potential is shown in Fig. 1 . Calculation for total elastic scattering cross sections and for low quantum rotational transition states have been performed. A test of the numerical convergence was taken.
In the future, we plan to compute the thermal rate coefficients. 
